The predominant method of measuring welfare in swine focuses on overt physical ailments, such as skin lesions, lameness, and body condition. An alternative metric for assessing welfare in swine can be to measure the frequency and duration of positive behavioral states, such as play. Given that play occurs only when an animal's primary needs (food, comfort, safety, etc.) have been satisfied, it has been suggested that play may be a sensitive indicator for assessing the welfare of non-human animals. Play has primarily been described in young piglets and is assessed via the occurrence of specific play markers. These play markers include overt bursts of energy like scamper, or more subtle social behaviors like nose-to-body contact. This review describes four areas of play for swine: locomotor, object, sow-piglet, and, peer play. From sporadic leaping to combative wrestling, play behavior allows for the fine-tuning of reflexive behavior which can enhance physical development, enrich cognitive abilities, and facilitate the maintenance of social bonds.
Domestic swine natural history
The current world population of domestic swine (Sus scrofa domesticus) is over 950 million (FAOSTAT, 2011) . Not only are pigs the cornerstone of a multi-billion dollar industry, but they have played an important role in the religious, cultural and social domains of human history (Harris, 1989; McBride & Key, 2003) . The first domesticated pig originated from the Eurasian wild boar (Sus scrofa) in the Middle East between 9000 and 7000 B.C. (Giuffra et al., 2000; Porter, 1993) . In 1539, Spanish explorer Hernando de Soto brought along the first swine to what is now the continental United States when he landed in Tampa Bay, Florida (Porter, 1993) . After that historic day, invasive feral pigs have roamed the New World disturbing the natural ecosystem through soil disturbances and water contamination (Tisdell, 1982) . Because pigs are opportunistic omnivores, feral herds can spend up onethird of the daylight rooting agricultural and wildlife-protected areas (Beattie, Walker, & Sneddon, 1995; Stolba & Wood-Gush, 1989 ).
Swine behavior
Groups of two to four sows with their litters, called sounders, are led by a dominant sow throughout a shared home range (D"Eath & Turner, 2009 ). Through frequent nose-to-body and nose-tonose contact, swine use olfactory cues (i.e., pheromones) to recognize other individuals (Kristensen, Jones, Schofield, White, & Wathes, 2001; Mendl, Randle, & Pope, 2002; Stookey & Gonyou, 1998; ) ; which is fundamental in maintaining their social hierarchy. Animals with complex social structures, like swine, require special consideration to adequately stimulate their sensory systems. The maintenance of domestic pigs in group pens is often difficult due to the multifaceted requirements of pen size, compatible social grouping, and individual health care. One of the fundamental issues in animal welfare science is the application of enrichment to increase natural behaviors (Newberry, 1995) . In addition to safe shelter, adequate nutrition and veterinary care, the ability to express specific behaviors in a species is an essential measurement of animal welfare (i.e., five freedoms: Webster, 2000) . Enrichment is most often implemented within zoological, laboratory, and agricultural settings to increase natural behaviors while reducing stereotypic behavior. Stereotypic behavior can be defined as "repetitive, invariant behavior patterns with no obvious goal or function" (Mason, 1991 (Mason, , p. 1015 . Common stereotypic behavioral patterns in domestic swine are often based on oral-nasal activity, such as bar-biting, sham-chewing, drinker-pressing, head-weaving, nose-rubbing, and tongue-rolling (Broom, 1986; Robert, Rushen, & Farmer, 1997; Stolba, Baker, & Wood-Gush, 1983; Vieuille-Thomas, Le Pape, & Signoret, 1995) . The addition of substrates such as straw, peat and mushroom compost to swine housing has been shown to decrease common stereotypic behaviors and aggression toward pen mates (Arey, 1993; Beattie et al., 1995; Fraser, Phillips, Thompson, & Tennessen, 1991; Kelly, Bruce, English, Fowler, & Edwards, 2000; Sneddon, Beattie, Walker, & Weatherup, 2001; Wood-Gush & Beilharz, 1983) . Furthermore, the provision of enrichment objects, like plastic dog toys or hanging rope, can increase both social and solitary play, which can be an indicator of physical and psychological well-being (Barnes, Levitsky, Pond, & Moore, 1976; Blackshaw, Thomas, & Lee, 1997; Špinka, Newberry, & Bekoff, 2001; Worsaae & Schmidt, 1980) .
Play behavior
While there is a growing field of research on swine intelligence (i.e., problem-solving: Broom, Sena, & Moynihan, 2009; cognitive bias: Douglas, Bateson, Walsh, Bedue, & Edwards, 2012 ; spatial memory and deception : Mendl, Held, & Byrne, 2010) , the assessment of play behavior in domestic pigs is somewhat lacking. This may be due to the difficulty in identifying play signals, such as distinguishing reciprocal contact like head-butting and mounting between genuine conflict and rough-and-tumble play. According to Burghardt (2005) , there are five basic criteria for a behavior to be considered play: (1) the behavior is not fully functional, (2) the behavior is spontaneous, voluntary, pleasurable, or autotelic ("done for its own sake"), (3) the behavior differs from "serious" behavior in terms of its form, duration, and/or frequency, (4) the behavior is repeatedly performed, but not stereotyped, and (5) the behavior occurs when the animal is healthy and free from stress. In general, swine ethologists have maintained these five elements in their definition of play in their research of young piglets, with ages ranging from birth to four weeks old. Swine play behavior is assessed via the occurrence of specific play markers (Table 1) , such as overt bursts of energy like scamper, or more subtle social behaviors like nose-to-body contact (Dobao, Rodribanez, & Siliŏ, 1985; Donaldson, Newberry, Špinka, & Cloutier, 2002; McBride, 1963; Newberry, Wood-Gush, & Hall, 1988) . Perform vigorous lateral movements of head and neck while holding object or material which protrudes from mouth (e.g., straw). Includes shaking and tugging at loose end of fixed object (e.g. rope).
Social Play
Mother-infant Naso-naso investigation, call-back vocalizations, reciprocal mouthing and tactile contact between a sow and her piglets.
Rough-and-tumble
Two or more piglets engaged in wrestling, chasing, reciprocal biting and belly-nudging (e.g., levering). Often initiated by pivoting and head tossing.
Solitary play
Locomotor play. The most common type of play found more often in piglets than adults is locomotor play. This behavior corresponds to the isolated, sporadic movement such as scampering or leaping, and is distinctive from overt "avoidance of a predator or conspecifics …by the player"s loose body tone…and by the repetition and ease of interruption of its activity" (Fagen, 1981, p. 8) . In general, locomotor play is displayed by species that live in unstable environments rather than static environments (Špinka et al., 2001 ). The home ranges of wild and feral swine are greatly influenced by food availability, weather, and hunting pressure (Graves, 1984) . Therefore, the ability to react quickly to changing environmental stimuli through hasty behavior changes is beneficial for survival. Once piglets are physiologically mature, around 3 to 5 days, they are able to run, jump and maneuver around the body of the sow (Blackshaw, Swain, Blackshaw, Thomas, & Gillies, 1997; Dobao et al., 1985; Newberry et al., 1988) . The occurrence of a jump, spring, hop, sprint, scamper, trot, or head tossing are play markers which define locomotor play in swine (Blackshaw, Swain, et al., 1997; D"Eath & Turner, 2009; Dobao et al., 1985; Jensen, 1980; Newberry et al., 1988 ) . This type of loose body activity has been reported to be most frequent in pigs between the ages of 2 and 6 weeks (Blackshaw, Swain, et al., 1997; Newberry et al., 1988) . Rauw (2013) reported an immediate increase in locomotor play duration and rate after releasing 6 week old piglets into a corridor near their home pens. The novelty of the hallway, and the increase in square foot per pig, allowed for sudden bursts in individual scampering and running. This spurt of energy upon entering a new environment is also seen in sows that are weaned after several weeks of low activity while housed with their piglets. These weaned sows often run or trot from their farrowing rooms without provocation, display sporadic head tosses, and appear to be bouncing (I. Rodriguez, personal communication, November 20 th , 2013). Locomotor play is suggested to be beneficial for piglets because it facilitates the development and coordination of skeletal muscles, and encourages behavioral flexibility (Byers, 1998; Špinka et al., 2001) . At nursing time, piglets must be aware of where the sow is preparing to lie down in order to quickly avoid a crushing death (Damm, Forkman, & Pedersen, 2005) . Therefore, the physical and mental skills acquired through locomotor play may enhance a piglet"s survival. A restricted early environment due to a limited size or lack of bedding may prevent locomotor play in piglets. This lack of exercise could produce abnormal physical development such as splay leg, joint swelling, hock lesions, and lameness (Barnett, Hemsworth, Cronin, Jongman, & Hutson, 2000; Bonde, Rousing, Badsberg, & Sørensen, 2004; Zoric, Nilsson, Mattsson, Lundeheim, & Wallgren, 2008) . Stocking density may be the most important factor for the development of healthy limbs in swine. By providing adequate pen space, pork producers can increase the occurrence of locomotor play, which may indirectly prevent future health issues. Object play. Object play involves the physical manipulation of inanimate items such as twigs, rocks or other moveable pieces in an animal"s environment (Burghardt, 2005; Hall, 1998) . In pigs, this manipulation occurs using the snout or front limbs, such as biting, sniffing, pushing, kicking, licking, and chewing (Blackshaw, Swain et al., 1997; Johnson, Morrow-Tesch, & McGlone, 2001 ). For economic purposes, enrichment items used in farms are often indestructible like bowling balls and metal chains. Although these objects may last long, the pigs are thought to be neophilic and tend to lose interest quickly (Studnitz, Jensen, & Pedersen, 2007; Wood-Gush & Vestergaard, 1991) . The best enrichment items to keep interest in pigs should change continually upon manipulation, and, of course, are safe to consume. These items include bedding substrate (compost, straw, coconut fiber, or mushroom peat), and edible objects (stacks of paper, cotton rope, and cloth strips). Elements of barn structure, such as gating, nipple drinkers, rubber mats, and slatted floors can become unintentional enrichment items if no other objects are provided. Pigs may develop self-inflicted wounds while trying to manipulate these objects (i.e., repeated chewing of metal bars causing wounds to mouth and snout), or can harm others by diverting such behavior toward conspecifics such as belly nosing, ear biting, and tail biting (Broom, 1986; Fraser et al., 1991; Stolba et al., 1983) . Figure 2A ,B. Object play in pigs.
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The tenacious curiosity of omnivorous pigs is fueled by the instinct to dig up and gnaw on objects to test for edibility (Studnitz et al., 2007) . Pigs explore their environments in order to evaluate both the extrinsic value of their surroundings (i.e., shelter, food, water source) and the intrinsic value (i.e., social group, pen size) (Studnitz et al., 2007; Wood-Gush & Vestergaard, 1989) . Just as cats need to scratch and dogs need to chew, pigs need to root. The wide cartilage disk located at the tip of the snout functions as a plow to till soil and locate grubs (Studnitz et al., 2007) . When pigs are prevented from rooting by being housed indoors permanently (Day, Kyriazakis, & Lawrence, 1995) or by wearing a nose ring (Studnitz, Jensen, & Jørgensen, 2003) , they will immediately root the earth as soon as they are given access (Studnitz & Jensen, 2002) . Given that oral/nasal investigation of the environment appears to be a high priority behavior for pigs, the provision of malleable toys is highly recommended in commercial barns. Research has shown that pen size has no significant effect on toy choice, object play rate or duration in 4 week old piglets (Apple & Craig, 1992) . Furthermore, group pens with either static or mobile enrichment toys will exhibit significantly lower levels of social aggression than weaned pigs housed without toys . With minimal economic and temporal costs, farms can increase healthy activity, reduce fighting, and encourage species-specific behavior in young and mature pigs by simply providing suitable toys.
Social play
Sow-piglet play. Neonatal piglets are highly dependent upon the sow for vital colostral milk gamma globulins (Curtis & Bourne, 1971) , ambient body heat for temperature regulation, and protection from predators (Hartsock & Graves, 1976; Nowak, Porter, Lévy, Orgeur, & Schaal, 2000) . The sow also serves as an important source of various environmental stimuli for the piglets. Using tactile, vocal, and olfactory communication, piglets navigate their way around the sow"s body with the main goal of locating the teats for nursing (Horrell & Hodgson, 1992; McBride, 1963) . Within the first two days after birth, piglets will spend a large portion of the day climbing on, nudging, or biting the sow"s teats, snout, ears, hooves, tail, and vulva (Dobao et al., 1985; Blackshaw, Swain et al., 1997) . In return, sows will nudge and mouth the piglets, while grunting softly, as they crawl past her head during exploration (Whatson & Bertram, 1982) . This form of mother-offspring play, along with naso-naso contact and call-back vocalizations, are important behaviors in establishing the maternal bond since the sow does not groom her young (Blackshaw, Swain et al., 1997; Walser, 1986; Whatson & Bertram, 1982) . Piglets are able to discriminate odors from their nest (e.g., sow"s urine, udders) as early as one day old and can identify their mother"s vocalizations soon after (Horrell & Hodgson, 1992; Walser, 1986) . During the first 2 post-partition days, feral sows spend an average 76% of her time lying in their nests. Sow resting behavior decreases to approximately 42% after 3 weeks, and sows tend to forage at greater distances (>10 m) from the nest (Csermely, 1994) . Sow-piglet play progressively reduces 4 weeks after farrowing throughout weaning, as the sow increases foraging behavior while decreasing resting and nursing (Csermely, 1994; Johnson et al., 2001) . Mutual play among mothers and offspring is thought to strengthen the attachment and establish the foundation for future peer play (Burghardt, 2005) . This transient play behavior allows piglets to practice using odorants for social recognition (Ewbank, Meese, & Cox,1974; Mendl et al., 2002) , nosing their environment for resources (Studnitz et al., 2007) , and developing the motor skills necessary for rough-and-tumble play with their peers (Bekoff, 1984) .
Peer play. Piglets will engage in antagonistic tussling within minutes of being born while teat order is disputed (Algers, 1993; Fraser & Jones, 1975; McBride, 1963) . This early social interaction often determines future dominance and aggression levels among the litter, with piglets positioned at the anterior teats being more dominant and those in the middle teats fighting more frequently (Ruis et al., 2000; Sundman, 2011) . As nursing occurs roughly once per hour for 20 to 30 seconds, piglets have ample time to engage in mock combat to practice fighting skills. This type of peer play, called rough-and-tumble play, begins around 3 to 5 days old and is rarely seen in pigs after reaching sexual maturity (~6 months) (Dobao et al., 1985; Newberry et al., 1988) . Rough-and-tumble play occurs between two or more littermates and often involves a head-on stance, pushing and nudging of peer"s shoulder or belly, biting of shoulder and ears, and chasing (Dobao et al., 1985; Donaldson et al., 2002; Johnson et al., 2001; Newberry et al., 1988) . These encounters can last anywhere from a few seconds to several minutes, and mimic the fighting posture of adult swine, called parallel-pressing (Jensen, 1980) . The key element of rough-and-tumble play is the occurrence of a play signal, which cues the social partner that behaviors produced are not as serious as they normally would be in other contexts (Bateson, 1955; Bekoff, 1975) . Based on sequential analysis of social play markers in piglets, pivoting and head tossing is suggested to function as play signals to initiate rough-and-tumble play for this species (Newberry et al., 1988) . Weaning piglets from their sow is one of the most significant practices in modern pig production. In most commercial farms, piglets are weaned anywhere between 20 and 35 days old, while free-ranging sows wean their piglets around 60 to 137 days old (Jensen & Recen, 1989; Newberry & Wood-Gush, 1985) . This process can be highly stressful due to unfamiliar transport, shifting of diet to solids, pathogens of a new environment, and an increase in aggression as the dominance hierarchy of unfamiliar piglets is established (Held & Mendl, 2001; Jensen & Recen, 1989) . Social play, including mock combat and reciprocal tactile contact, allows piglets to develop the social skills necessary to integrate into a hierarchical social system (Bekoff 1984; Fagen, 1981) . This includes motor skills needed for successful fighting, and olfactory communication skills needed when sizing up peers (Bekoff & Byers, 1981; Dobao et al., 1985; Kristensen et al., 2001) . There are inconsistent reports in the swine behavior literature indicating that rough-and-tumble play is exhibited more in males (Dobao et al., 1985) , in females (Rauw, 2013) , and that no sex differences in social play behavior exists (Newberry et al., 1988) . A common report, however, is that weaned piglets tend to preferentially play with same sex partners or littermates (Dobao et al., 1985) .
Welfare implications
From sporadic leaping to combative wrestling, play behavior enhances an animal"s rapid response to novel situations, which provides adaptive and competitive advantages (Bekoff, 1984; Špinka et al., 2001) . This fine-tuning of reflexive behavior enriches cognitive development in young animals (Bekoff & Byers, 1998; Fagen, 1981) and facilitates the maintenance of social bonds (Bekoff, 1984; Byers, 1984 , Kuczaj, Makecha, Trone, Paulos, & Ramos, 2006 . Play is classified as a positive-affect behavior because it is correlated to high levels of acetylcholine, glutamate, and opioids (i.e., "pleasure" neurotransmitters), and, activity of subcortical brain areas that mediate the hedonic properties of reward (Berridge & Kringelbach, 2008; Burgdorf & Panksepp, 2007; Kuczaj & Horback, 2012) . In addition, a negative correlation between plasma cortisol levels and play behavior rates have been reported in numerous species, supporting the notion that play rarely occurs when an animal is stressed (Biben & Champoux, 1999; Worsaae & Schmidt, 1980) . Given that play occurs only when an animal's primary needs (food, comfort, safety, etc.) have been satisfied, it has been suggested that play may be a sensitive indicator for assessing the welfare of animals (Burghardt 2005; Fagen, 1981; Oliveira, Rossi, Silva, Lau, & Barreto, 2010) . A decline in the frequency of play behavior in piglets can be a sign of issues with physical or psychological well-being.
Play behavior in swine has been shown to be affected by adverse physical and environmental conditions (Beattie et al., 1995; Newberry et al., 1988) . For example, Barnes et al. (1976) reported that malnourished piglets spent less time engaged in object play than well-nourished piglets. The lack of play in commercial pigs may appraise the welfare properties of certain swine housing systems. Piglets reared under restrictive housing conditions may be unable to express their full repertoire of playful behavior due to limitations of space, social companions, or interactive objects. Research has shown that pigs raised in barren conditions can develop deviant aggressive play behavior, which can develop into poor social skills as adults (Beattie et al., 1995; Schouten, 1991) . Furthermore, it has been shown that barren rearing environments may affect pre-slaughter stress and subsequent meat quality (Geverink et al., 1998) , while the provision of environmental and social enrichment may increase growth rates (Morgan, Deans, Lawrence, & Nielsen, 1998) and back fat levels (Barton-Gade, 1987) . Therefore, swine producers can benefit financially by improving the welfare of pigs via the implementation of adequate social grouping and environmental stimuli. 
Conclusion
The predominant method of measuring welfare in swine focuses on overt physical ailments, such as skin lesions, lameness, and body condition. An alternative metric for assessing welfare in swine is to measure the frequency and duration of positive behavioral states, such as play. Because pigs have an omnivorous diet, live in complex social systems, and utilize multi-modal communication, they require multifaceted sensory stimulation to maintain a healthy well-being. The application of species-specific enrichment (e.g., rope, straw, compost) can increase natural behaviors of chewing and rooting while simultaneously reducing aggressive social behavior and harmful stereotypic behavior. In fact, research has shown that merely conditioning pigs to the anticipation of enrichment (i.e., doorbell ring) can be used to facilitate play behavior in piglets (Dudink, Simonse, Marks, de Jonge, & Spruijt, 2006; de Jonge, Boleij, Baars, Dudink, & Spruijt, 2008) . Encouraging pigs to scamper, interact with their environment, and socialize with peers does not require great effort -but often results in great rewards.
